Abstract. Position estimation is one of the most important functions for the mobile robot navigating in the unstructured environment. Most of previous localization schemes estimate current position and pose of a mobile robot by applying various localization algorithms with the information obtained from sensors which are set on the mobile robot, or by recognizing an artificial landmark attached on the wall or objects of the environment as natural landmarks. Several drawbacks about them have been brought up. To compensate the drawbacks, a new localization method that estimates the absolute position of the mobile robot by using a fixed camera on the ceiling in the corridor is proposed. And also, the proposed method can improve the success rate for position estimation, since it calculates the real size of an object. This is not a relative localization scheme which reduces the position error through algorithms with noisy sensor data, but a kind of absolute localization. The effectiveness of the proposed localization scheme is demonstrated through the experiments.
Introduction
By the end of the 21st century, robots may not be strangers to us anymore. Compared with in recent years, the useful range for robots has gradually spread to a wide variety of areas. Mobile robots are especially being used as a substitute for humans in unwelcoming environments or to do simple works those are either in or outside. In addition, they are used for investigating planets in space [1] . In such a mobile robot system, getting exact information on its current position is very important. The mobile robot mainly calculates its position with the data acquired from a rotary encoder which is connected to the wheel, and from a gyroscope sensor. However it couldn't perceive the correct position because of slippage, a rough surface, and sensor error such as gyroscope drift. Many solutions have been proposed to overcome these unavoidable errors. For example some researchers presented a method that estimates the current position by applying information obtained by a rotary encoder and an ultrasonic sensor by applying an EKF (extended Kalman filter) [2, 3] . And a researcher updated the positioning of mobile robots by fusing data from multi-sensors such as magnetic compasses, gyroscopes, rotary encoders with the EKF [4] . These methods need much calculation for a mobile robot to perform a task, which results in a sharp drop in the total system efficiency. Another disadvantage is a great localization uncertainty which is the result of the statistical error accumulated from sensors and control over long distances. Contrary to the methods mentioned above, which intended to reduce the position error with relative positioning sensors, the following method provides an absolute position regardless of the distance moved and working time of a mobile robot. And some researchers presented a method that estimates the position of a robot through geometric calculation, after it recognizes a landmark [5] [6] . Even though a CCD camera set on a robot is used for avoiding obstacles and tracking objects and so on, in these methods, the camera system was consumed unnecessarily for a robot to search and recognize the exact landmark. Another robot equipped with a CCD camera, estimates its position by recognizing a characteristic topography or an object, and compares it with the model image saved in advance [8] . In general, some feature points are utilized such as a wall or a corner as landmark in the workspace. However it has low confidence in recognition and requires much calculation. Therefore, the processing speed of the system is low.
In this paper, to overcome these problems, a new localization method is proposed and illustrated in Fig. 1 . A camera installed on the ceiling of the corridor is utilized for the localization of the mobile robot. The sequence of an absolute positioning system can be summarized as follows:
The height of camera First, the system recognizes whether it is a moving robot or not, with a CCD camera. Secondly, if the object is a moving robot, the system obtains the position of the robot. Finally, the system transmits the position data to the robot for the localization.
Object Segmentation Through Image Process
Moving objects are extracted using the difference image which is obtained as the difference between an input image, which is being inputted consecutively, and a reference image, which is captured and stored in advance.
Image Pre-processing
A Gaussian mask is applied with the nine pixels for removing illumination dependent image noises, and modular four images which have 160 X 120 pixels for an image are used for image pre-processing.
Filtering and Labeling
A filtering method that has been used widely, a morphological filtering method is adopted. Through the labeling, objects are distinguished and their features are searched using labels.
Reference Image Modification
In order to extract a moving object in a dynamic environment correctly, the reference image needs to be updated dynamically instead of keeping the initial reference image. In Fig. 2 , rf k I is an updated reference image that will be used for the next frames. Also, a mask image n k M is represented as follows:
This new reference image can be represented as (refer to Fig. 3.) , 
Transformation from Image Coordinates to Real Coordinates
The distance between camera and object is obtained using a single camera so that, such distance can be represented as real coordinates [8] . As shown in Fig. 4 , the solid square border in the center has a screen image for a mobile robot. This image is projection of the mobile robot on the corridor, which is in real three dimensions. Here, the image coordinates can be transformed to real coordinates to obtain the location of the robot. 4 Feature Extraction
Height and Width of an Object
The height and width of the robot can be obtained using geometric analysis. As shown in Fig. 6 , the distance 1 y from the lowest coordinates of the object to the origin is calculated using bottom y in Eq. (6) Following the same procedure, the width of the mobile robot can be obtained as follows:
The real length 
Extraction of Color Information
To recognize the mobile robot, the height, width and color information have been used for a neural network. Since most color cameras used for acquiring digital images utilize the RGB format, RGB values for the object image are obtained and represented as 8 bit data.
Experiments and Discussion

Mobile Robot for Experiments
Two mobile robots shown in Fig. 7 are used for experiments.
Fig. 7. Experimental mobile robots
Object Segmentation
The images of robots are extracted, which are navigating in corridor. The experimental results are shown in Fig. 8 . 
Recognition of a Robot Through Neural Network
First of all, it is necessary to recognize an object to estimate the exact position of the robot. For this, a neural network is utilized to decide whether an extracted object in the image is a robot or not.
As shown in Table 1 , with the size information, the success rate is improved a lot. 
Acquisition of a Robot Position and Results of Experiments
When a mobile robot is driven 10m forward, experimental results are shown in Fig. 9 . Using only an encoder sensor and the kinematics of the mobile robot [7] , there exists an approximately 40cm deflection along the x axis. However note that using the proposed method, the robot trajectory is kept close to the center line of a driven corridor. The method by only encoder data. As shown in Table 2 , the further the robot moved from the camera, the greater the error became in real coordinates. The error in the x axis is influenced by both the distance and angle from the camera. Consequently, in the limited camera view area, the robot position is precisely recognized without missing the robot.
Fig. 9. Motion trajectory of a robot
Conclusion
In this paper, a new localization method with a fixed camera is proposed, which utilizes the external monitoring camera information under the indoor environment. When a mobile robot is moving along the corridor, it helps the localization of robot by estimating the current position through the geometric analysis of the mobile robot image. The exact position of the mobile robot was obtained and demonstrated to be correct by the real experiments. And through the experiments, the advantages and efficiency of the proposed method are demonstrated illustratively.
For a future research topic, an efficient image processing scheme is necessary to improve and reduce the absolute error.
